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Abstract. It is said, “school buses carry our most valuable cargo”.  After several highly publicized incidents 
involving children abductions, both parents and administrators are eager to apply technology for improving safety, 
and reliability of the school bus fleet.  School Transportation officials need bus locations to respond quickly to 
accidents.  Parents benefit from knowing the location of their children’s bus as this information reduces time 
waiting, under severe cold or hot weather conditions, for their children to arrive.  This paper describes the 
deployment of a web-based school bus tracking system that was tested in Orange County in Florida.  The system 
consists of hardware and software for acquiring GPS signals, and sending these locations to a central data server that 
is connected to web and mapping servers.  Lessons learned will also be discussed. 
 

INTRODUCTION 

A large number of applications require knowledge of vehicles’ positions in real time. This information needs to be 
available to several different groups such as owners, users, operators etc.  The hardware architecture typically 
consists of a positioning device coupled with a wireless device. 

For the last several years, this capability was achieved through a combination of a global positioning system (GPS) 
device on board the vehicle, along with a cell phone connection to transmit this data to a central location.  This 
solution, however, is not suitable in the following conditions: 
 
• If a high update frequency is required:  This is because cell phone technology requires about 20 seconds to 

establish a connection each time a transmission is started. 
• For large-scale emergency situations: Reliance on cell phone infrastructure is not a good idea as evidenced by 

what happened on September 11th where the cell phone infrastructure in New York City was brought to a halt. 
• Vehicle is already equipped with a radio: A large number of transit vehicles are already equipped with 

transceivers.  Adding another wireless device may not be considered cost efficient. 
• If budgets are limited: Cell phone and proprietary communication technologies require a large on-going 

investment.  For example, a transit authority with just 300 vehicles would pay $12,000 MONTHLY just for cell 
phone fees. 

 
One of the prime applications of vehicle positioning is in the area of mass transit.  Access to real-time information 
about bus locations is extremely useful for safety, security, and service quality.  Of major interest are school buses 
since it can be easily argued that their rider ship well exceeds that of some public transportation systems. 
 
The researchers selected buses from the Orange County Public School System (OCPS), as a pilot project.  The buses 
selected are used for the transportation of “medically fragile” children who require specially equipped air-
conditioned buses for transporting students.  Tracking these buses allows both administrators and parents valuable 
information regarding arrival/departure times of buses, and provides a mechanism for checking that school bus 
drivers conform to speed limits and their assigned route.  Also in case of mechanical malfunctions, a relief bus can 
be dispatched to the exact bus location reducing the potential impact of temperature on these children. 
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According to the Orange County Public School System website, OCPS is the 14th largest district out of more than 
16,000 in the nation and is the 4th largest in Florida.  Students in Orange County schools come from 162 countries 
and speak 105 different languages and dialects. The system serves over 160,000 students enrolled in 150 schools, 
and operates the largest public transportation system in Central Florida. OCPS school buses travel more than 17 
million miles annually, or 95,800 miles on an average school day. 

BACKGROUND 

This project involves the application of two technologies, positioning, and wireless communications. The following 
section will describe briefly both technologies. 

1) Global Positioning System (GPS)  

 
Global Positioning System (GPS) is a satellite based radio-navigation system (1).  There are 24 GPS 

satellites orbiting the Earth in six planes and transmitting radio signals. Based on measurements of the amount of 
time that the radio signals travel from a satellite to a receiver, GPS receivers calculate the distance and determine 
locations in terms of longitude, latitude, and altitude, with great accuracy. GPS was created, and is controlled by the 
U.S. Department of Defense (DOD) for military purpose, but is available to civilian users worldwide free of charge.  
GPS can be used in various areas such as air, land, and sea navigation, mapping, surveying and other applications 
where precise positioning is required.  
 

GPS satellites transmit two carrier signals, L1 and L2 (2).  The L1 frequency carries the P-Code (Precise 
Code), C/A (Coarse Acquisition) Code, and navigation message. The L2 frequency carries a P-Code and navigation.  
The Navigation Message consists of data bits that describe the GPS satellite orbits, clock corrections, and other 
system parameters.  Civilian GPS receivers can decode information on the L1 carrier only.  Only military systems 
can fully decode information on the L2 carrier signal. 

Basic Concept of GPS 

Using GPS satellites as reference points, a GPS receiver determines its location based on the distances 
between the receiver and GPS satellites. The distance between a receiver and a satellite is calculated using a simple 
equation of Distance = Speed x Time, where Speed is the speed of the signal that is transmitting at the speed of light 
(186,000 mile/sec), and Time is the time for the signal travels from the satellite to the receiver. Time can be 
calculated by measuring the departure time of the signal at the satellite and the arrival time at the receiver.  In 
essence, GPS receivers determine time, not location.  Location is derived by multiplying the time elapsed for the 
signal to reach the receiver; by the corrected signal speed. 

Differential Correction of GPS Positions 

Differential GPS (DGPS) (4) is a means of correcting for some system errors by using the errors observed 
at a known location to correct the readings of another receiver (rover). A reference receiver, or base station, 
computes corrections for each satellite signal. Most of the GPS errors are eliminated by differential correction. The 
quality of the corrections is a function of the distance between the base station and the rover (5). 

GPS Receivers 

GPS receivers can be categorized broadly into three types based on accuracy: C/A code, carrier phase and 
dual frequency receivers. Each of the three types offers different levels of accuracy, and the price of the receiver is 
dependent on its accuracy. 

C/A code receivers typically provide 1~5 meter accuracy with differential correction, with an occupation 
time of 1 second. Longer occupation time (up to 3 minutes) will provide accuracy consistently within 1~3 meter and 
can be reduced to 30 centimeter. 

Carrier phase receivers typically provide 10~30 cm accuracy with differential correction.  Distance to 
satellites from the receiver is determined by counting the number of waves that carry the C/A code signal (referred 
to as ambiguity resolution). This method is much more accurate but requires a substantially higher occupation time 
to attain 10 ~ 30 cm accuracy. 
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Dual-frequency receivers are capable of providing sub-centimeter accuracy with differential correction. 
Dual-frequency receivers receive signals from the satellites on two frequencies simultaneously. In order to acquire 
and use both frequencies, the reacquisition time is longer than other receivers are. 

Currently, two positioning satellite systems are available for worldwide civilian use.  The first system is the 
American (GPS) system, and the second system belongs to the Russian Federation (GLONASS) (6).  It is also 
expected that the European Union will launch its own system (GALILEO) in a few years.  Dual system receiver (i.e. 
GPS & GLONASS) receivers receive the signals from both GPS and GLONASS satellites and provide the same 
sub-centimeter accuracy of dual-frequency receivers. However, GPS & GLONASS receivers are not affected by the 
limitation that GPS-only or dual-frequency receivers have: namely with fewer than 5 satellites in view GPS-only 
receivers do not work at all, or work so slowly to accomplish the accuracy (7).  GPS/GLONASS receivers are less 
expensive to manufacture, as they do not require expensive electronics circuitry.  For this reason, the introduction of 
GPS/GLONASS receivers has enabled costs to drop by about half (8). 

GPS Position Accuracy and Error Sources 

Accuracy of GPS (3) is the degree of conformance between the estimated or measured position, time, 
and/or velocity of a GPS receiver and its true time, position, and/or velocity as compared with a constant standard.  
The accuracy of GPS receiver is affected by errors caused by natural phenomena, mechanical failure of elements in 
the system, or intentional disturbance.    

The Selective Availability (SA) Error is intentionally introduced to the GPS signals and then is broadcast 
by the satellites. It has been discontinued since May 1999. The Ionospheric Error is a function of the local time of 
day and latitude. Mathematical models have been introduced to reduce ionospheric errors. The Troposhperic Error 
is a function of the weight of the atmosphere above the GPS antenna and is modeled using the atmospheric pressure. 
GPS receivers can model this effect to a few centimeters knowing only the altitude. The Orbit and Satellite Clock 
Error occurs because there are slight variations in the orbits of GPS satellites. Monitoring stations track this error 
and broadcast these corrections to the satellites. Because of the delay in sending these corrections, orbit errors exist. 
In addition to the satellite position, the atomic clocks drift off causing another error in time measurement and 
therefore in position. The Multipath Error occurs when strong signals from satellites are not along the direct line of 
sight between the user's antenna and the satellite. GPS antennas can receive signals from anywhere above the 
horizon and some of these signals may have been strengthened due to reflections from other objects.  When the 
direct signal from the satellite is not considered in the solution, range errors to the satellites occur leading to 
measurement errors.  The GPS antenna location is therefore extremely important. Multipath is often the dominant 
error source in DGPS applications on mobile applications.  The Receiver Noise Error occurs as electronic devices 
emit electromagnetic energy, some at the GPS frequencies, which contributes a range error to the measurement. 
Newer GPS technology has been successful in reducing this error (9). 

2) Packet Radio 

 Packet radio is a means of exchanging data by way of radio communications.  The technology is not new; it 
actually started back in 1964.  A data stream is broken into several packets or frames.  These frames are encoded 
then transmitted to the receiving station by voice radios as a burst or “voice” signal.  The packets received by the 
radio station are decoded and the information is stored. 
 
 Use of packet radio has been a major strategic decision for this research.  This is because school buses are, 
by law, required to be equipped with licensed voice radios.  These radios are used for communications with the 
Transportation Operations group for the school district.  Valuable airtime is often lost communicating bus location 
to dispatch.  The system described here eliminates this need. 
 
 Almost all AVL systems rely on proprietary cell phone technologies (mostly using CDPD) to exchange 
information.  And while this architecture provides large bandwidth for data transfer and national wireless coverage, 
its costs for a large fleet can be prohibitive.  This is primarily due to typical monthly subscription costs for the 
service.  OCPS owns about 1,100 buses, making it one of the largest operators of buses in the country.  Equipping 
these buses with cell phones would cost the district a staggering $400,000 per year just in cell phone costs 
($30/month for each bus).  This expenditure is well beyond the means of most school districts. 
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HARDWARE ARCHITECTURE: 

 The architecture developed for this system is shown in Figure 1.  A GPS antenna is mounted on top of the 
bus as shown in Figure 2.  When a valid position is received, a TNC on board the bus encodes the information and 
transmits it as AX25 frames.   
 

For this research, the investigators used a state-of-the-art 12-channel GPS receiver, working in a stand-
alone (i.e. not in differential mode), which yields a position accuracy of about 60 ft. This accuracy is more than 
sufficient for this application. The price of these receivers has now dropped below $150. 

 
The receiving tower at OCPS radio dispatch center receives the signal and another TNC decodes the frames 

to generate digital position data that is stored in a database as shown in Figure 3.  Each record stores the bus’s ID, 
time and date of transmission, latitude, longitude, speed, and bearing.  This database is accessed by a web server, 
which retrieves for web users bus positions, and using a map server, supplies location data overlaid on the county 
map. 

SOFTWARE ARCHITECTURE: 

 The system consists of the following applications that were created for this research: 

TripTrak & TripTrakListen: 

The applications above were written in C and in Visual Basic with a host of third-party custom controls. 
TripTrak runs on a host station and receives the data stream generated by the receiving TNC (see Figure 4). The 
stream is comprised of the Vehicle Number, and current latitude and longitude of the vehicle.  This information is 
stored in a flat file database along with the time this transmission was received. 

 
TripTrak can also be configured to use TCP/IP to relay position data simultaneously to a remote server 

running TripTrakListen, which stores the re-transmitted location data in the web database.  This architecture enables 
multiple school districts to share a single web server thereby greatly reducing server maintenance, and eliminating 
the need to have networking expertise at each school district.  In this case, users access a single website serving a 
multitude of school districts.   

 
This capability was added after a school district in New York State requested to be a part of the pilot 

project.  In this case, once the location information was decoded at the receiving station in New York, this data was 
the re-transmitted via TCP/IP to the main Bus Tracking Web Server at the University of Central Florida, thereby 
eliminating the need for server hardware and software in New York. 

BusGPSDatabase: 

 This is a Microsoft Access flat file database (with several built-in queries) that stores the decoded data 
streams as shown in Figure 3.  This application is accessed via ASP and the location information is communicated to 
the mapping server. 

Website: 

 This is a data-driven website that serves the tracking application.  The user accesses the Bus Tracking 
Website and enters the trip number as shown in Figure 5.  ASP scripts use this number to locate and retrieve from 
the database the last transmission received from the subject vehicle.  The latitude and longitude retrieved from the 
database are sent to the mapping server that displays this information to the web user as shown in Figure 6.  This 
application was built using both VBscript and Javascript. 

Mapping Server: 

This application runs as an ASP add-in.  After the location/s are retrieved, the mapping server locates the 
correct map, and displays the information as shown in Figure 6. This application was built using both VBscript and 
Javascript. 
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Bus Routing: 

 A major benefit of bus tracking can be achieved by studying the route for each bus.  Combining trip routing 
with position data offers school transportation officials an extremely powerful and previously untapped approach to 
optimize their resources. 
 
 For this reason, the author also developed a routing application that can retrieve and overlay a bus’s route 
on a map.  The capability to develop a bus’s route from previously stored locations is now common in all high-end 
mapping and GPS programs, especially ones serving transportation applications. 
 

SYSTEM TESTING & DEPLOYMENT 

While several vendors offer tracking hardware and software, each vendor uses different proprietary applications, or 
promises that their products are “Plug and Play”.  In initial evaluations, the researchers did not find a system that is 
truly “open” and can be seamlessly integrated into a complete solution.  Other problems encountered related to 
signal strength, reception problems, and other hardware issues. 
 
To test the system components and ensure seamless integration of all components, hardware, and software, 10 buses 
were fitted with the hardware described in this manuscript.  The buses transmitted their location once every 30 
seconds.  The installation took about 30 minutes per bus and required a small diameter hole in the roof to install the 
GPS antenna.  The rest of the equipment was integrated under the instrument panel, a conscious decision to avoid 
overloading bus drivers with unnecessary hardware/switches. 
 
The bus tracking application has been reported in both print, and visual media.  The system has been running since 
December 1st 2001, and can be viewed on the following web address:  http://132.170.200.231.  To date, the database 
has over 120,000 real-time positions. 
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Figure 1: System Architecture 

 
 

 

TRB 2003 Annual Meeting CD-ROM                                          Original paper submittal – not revised by author. 



 

 

Figure 2: School Bus with GPS & Radio Antennae  
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Figure 3: Database for Bus Location Data 
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Figure 4: TripTrak & TripTrakListen Applications 
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Figure 5: Web-based Interface 
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Figure 6: Web-based Bus Location 
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Figure 7: Bus Routing 
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